Chromatin regulation plays an important role in brain development and the generation of phenotypic diversity. In this issue of Neuron, Jakobsson et al. find that disruption in neurons of KAP1, a key component of transcriptional repressor complexes in the brain, results in increased anxiety-like behavior and sensitivity to stress.
Two hundred years ago, Lamarck postulated his theory of acquired traitsnamely, that experience results in heritable short-term adaptation. Until very recently, Lamarck's ideas were considered scientific heresy in the face of the accepted theories of Darwin and Mendel. Epigenetics, the study of factors that modify the packaging of DNA to generate changes in gene expression without altering the underlying DNA sequence, has breathed new life into some of Lamarck's most criticized ideas. The discovery of imprinting demonstrated clearly for certain genes that epigenetic marks can be transmitted from parents to offspring (Feinberg, 2007; Wood and Oakey, 2006) . More recently, Meaney and colleagues have shown that epigenetic marks on nonimprinted genes can be transmitted via differences in maternal care across multiple generations (Zhang et al., 2006) . Modulation of epigenetic factors has also been observed in response to environmental triggers such as aversive learning paradigms, drug exposure, and changes in diet and has been associated with activity dependent plasticity (Feil, 2006; Levenson and Sweatt, 2006; McClung and Nestler, 2008; Renthal and Nestler, 2008) .
Epigenetic factors appear to be the ideal substrate for Lamarckian inheritance, and epigenetic mechanisms may contribute to the complex inheritance patterns of disorders such as diabetes, heart disease, depression, addiction, schizophrenia, and autism (Wong et al., 2005) . Moreover, the discovery that epigenetic encoding of environmental information can affect cell function even after development has expanded the focus of epigenetics to also consider influences on gene expression in postmitotic cells. We appear to have entered a new era of scientific understanding in which experience is known to act through changes in the packaging of DNA to modulate patterns of gene expression. However, key questions remain regarding how the complex system of epigenetic marks is regulated, what aspects of experience are most salient, and how these factors contribute to the phenotype of individuals. In this issue of Neuron, Jakobsson et al. (2008) address these questions in their study of KAP1-mediated repression.
KAP1 is an essential cofactor of Kruppel-associated box zinc finger proteins (KRAB-ZFPs). In the human genome there are over 400 genes encoding for KRABZFPs, which are believed to act as epigenetic repressors. KAP1 is expressed at high levels within the central nervous system and is thought to function as a scaffolding protein for a multimolecular repressor complex containing components with histone methyl transferase and histone deacetylase activities (Figure 1) . The role of KAP1 in the adult brain was not known.
Jacobssen et al. (2008) used a conditional genetic strategy to remove KAP1 from neurons during the early postnatal period. Removal of KAP1 was most pronounced in the dentate gyrus and CA1 regions of the hippocampus, regions important in learning and anxiety-like behavior. Functional consequences of KAP1 removal were demonstrated using a viral gene expression system with green fluorescent protein (GFP) under the control of a promoter containing a KRAB-ZFP binding site that is susceptible to KAP1-mediated repression. As expected, the removal of KAP1 resulted in increased expression of GFP in brain regions where KAP1 was absent. Further, endogenous gene repression was also disrupted. Two genes that were dramatically upregulated in response to KAP1 removal had associated changes in epigenetic modifications within their promoters consistent with a more open chromatin structure.
The authors then turned to the interesting question of the behavioral consequences of KAP1 removal. Removal of KAP1 from mature neurons in the forebrain, most notably in the hippocampus, led to increased anxiety-like behavior, and directed exploration. Increased anxiety-like behavior was found in three distinct behavioral tests, the open field, elevated plus maze, and novelty suppressed feeding. Interestingly, the tendency of KAP1-deleted mice to avoid the central area of the open field was reversed by placing a novel object in the center region. We have noted a similar behavioral phenotype in mice lacking the serotonin 1a receptor, which is important in hippocampal development and function (Klemenhagen et al., 2006) . Supporting an increase in directed exploration, KAP1-deleted mice showed increased levels of exploration in the hole board test. These data provide a second example, Mecp2 being the first, where disruption of a component of a transcriptional repressor complex leads to alterations in behavioral phenotypes (Moretti and Zoghbi, 2006) . In both cases, mutant phenotypes included increased anxiety-like behavior and sensitivity to stress. In related work, Meaney and colleagues found epigeneticallymediated effects of early postnatal care
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An important goal for future research is determining the salient cues for epigenetic encoding and the purpose this evolutionary conserved system might serve. Potential clues are given by the increased sensitivity to the detrimental effects of stress on learning in the conditional KAP1 knockout mice. Mice lacking KAP1 in the forebrain were found to be sensitive to levels of unpredictable stress that did not affect normal mice. Specifically, stressed KAP1 knockout mice performed worse than unstressed KAP1 knockout mice in the Morris water maze, a commonly used test of spatial learning. Stress as a mediator of adverse consequences is a common theme within the medical field, particularly psychiatry. Stress as a mediator of effects on chromatin regulation also appears to be a common theme, and it was tempting to speculate that the two processes were linked. The increased sensitivity to stress in KAP1 knockouts suggests that stress may lead to psychopathology via epigenetic mechanisms and particularly that epigenetic repression of gene expression may be a mechanism of buffering potential deleterious effects of stress.
The relationship of epigenetic modifications to brain function, stress, and behavior is likely to be more complex, as hippocampal overexpression of histone deacetylase 5 (HDAC5), which promotes gene repression, prevented the ability of imipramine to reverse the effects of stress on behavior. Further, changes in BDNF gene expression were blocked, indicating that the mechanism was likely related to chromatin regulation . In contrast to studies with KAP1 and Mecp2, increasing HDAC5 actually promoted adverse consequences of stress. Interestingly, overexpression of Mecp2 leads to similar phenotypic consequences as its removal (Moretti and Zoghbi, 2006) , potentially offering some traction to these paradoxical observations. A picture has emerged of a carefully balanced and complex system that is sensitive to disruption in either direction.
Targeting to specific genes has been suggested to be a primary mechanism by which the modulation of chromatin regulators exerts effects on brain function and behavior . In the present study, KAP1 removal led to detectable effects on the expression levels of only a very limited subset of genes. This would seem surprising given that more than 7000 sites throughout the genome are enriched for KAP1 binding. Similarly limited effects on gene expression have been seen when altering normal levels of Mecp2 or HDAC5 and even with the administration of non-specific inhibitors of histone deacetylases that result in changes in the global level of histone acetylation. Recent work by our group may help to explain the paradox of global changes in epigenetic modifications associated with limited specific changes in gene expression levels. In the face of only modest differences in the expression levels of specific genes, we found a strong association of differences in the large-scale distribution patterns of gene expression levels with levels of anxiety-like behavior in genetically identical mice (Alter et al., 2008) , suggesting that regulation of chromatin might influence properties of the gene expression system that go beyond effects on specific genes. Thus, by combining specific and global levels of gene expression regulation, chromatin modifiers may help to specify cellular phenotype through specific genes and to optimize cellular function by generally adjusting access to transcriptional machinery.
Will chromatin regulators turn out to be the target for future ''magic bullet'' therapies? The complexity of the system would seem to make this scenario unlikely. Yet, recent experiments offer hope. Disorders such as autism were thought to result from hard-wired defects in brain development that would be relatively fixed in adulthood. Challenging this belief, adult rescue of the expression of Mecp2, an important epigenetic regulator whose disruption leads to the autism spectrum disorder Rett syndrome, corrected many of the deficits associated with its removal during development (Giacometti et al., 2007) . Returning to Lamarck, if experience can be encoded in the form of epigenetic modifications then it may be possible through the treatment of parents to exert effects on subsequent generations. This might help to inform treatment strategies to target problems such as child abuse that have nongenetic components that are transmitted across generations. The continued study of chromatin regulators such as KAP1 promises to be an exciting and fruitful endeavor. KAP1 acts as a molecular scaffold between a Kruppel-associated box zinc finger proteins (KRAB-ZFPs) that binds to a DNA consensus sequence and molecules with histone deacetylase (HDAC) and histone methyltransferase (HMT) activity. Deacetylation and methylation of histones leads to a closed chromatin state and repression of transcription.
